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(54) [Title of the Invention] RADIATION DETECTION 
ELEMENT AND METHOD OF MANUFACTURING THE SAME 

(57) [Abstract] 
[Problem] 

An object of the present invention is to obtain a radiation 
detector, which is excellent in both X-ray sensitivity and resolution 
and can have large dimensions, at lower costs. 

[Configuration] 

A photoelectric conversion layer 21, which generates a 
photocarrier upon reception of light, is formed. A scintillator 
layer 23, which is composed of Csl and generates light upon 
reception of radiation, is formed on the photoelectric conversion 
layer 21 via a protection film 22. An infrared absorption film 24, 
which has heat resistance capable of enduring activation 
temperature of the scintillator layer 23 and transmits radiation, is 
formed directly on the scintillator layer 23. Infrared light is 
applied to the infrared absorption film 24, while the photoelectric 
conversion layer 21 is cooled down, to activate the scintillator layer 
23. 

[Claims] 
[Claim 1] 

A radiation detection element comprising a scintillator layer 
which generates light upon reception of radiation; and a 
photoelectric conversion layer which generates a photocarrier upon 
reception of the light, is characterized in that the scintillator layer 
and the photoelectric conversion layer are joined directly or via a 
protection film. 

[Claim 2] 

The radiation detection element according to claim 1 is 
characterized in that the scintillator layer is composed of Csl. 
[Claim 3] 

A method of manufacturing a radiation detection element 
comprising the steps of: forming a photoelectric conversion layer 
which generates a photocarrier upon reception of light; forming a 
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scintillator layer, which generates light upon reception of radiation, 
on the photoelectric conversion layer directly or via a protection 
film; forming an infrared absorption film, which has heat 
resistance capable of enduring activation temperature of the 
scintillator layer and transmits radiation, on the scintillator layer 
directly or via a light reflecting film; and activating the scintillator 
layer by applying light including infrared rays to the infrared 
ahsorpt-ibh^filin^^^ ^cooling liown tThe p 
layer. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field] 

The present invention relates to a radiation detection 
element mounted on an X-ray imaging device or the like and 
converting an X-ray image or the lilie, which has penetrated an 
object, into an electric signal. 

[0002] 

[Prior Art] 

The schematic configuration of a general X-ray imaging 
device is shown in Fig. 3. X-rays are applied to an object 3 from an 
X-ray source 2 controlled by a drive control section 1. The applied 
X-rays penetrate the object 3 and an image of a predetermined part 
of the object 3 is tal^en in an X-ray detector 4. The image data is 
obtained as an electric signal and displayed on a monitor 5. In 
addition, at the same time, the image data is converted into digital 
data by an A/D converter 6 and stored in an image recorder 7. The 
stored digital image data is displayed on a display 8 as appropriate. 
A central control unit 9 controls an amount of X-ray irradiation 
from the X-ray source 2 to the object 3 through the drive control 
section 1 on the basis of the image data taken into the image 
recorder 7 and controls the system to obtain appropriate image data 
constantly. Moreover, the central control unit 9 transfers the 
image data taken into the image recorder 7 to an image saving unit 
10 as necessary to save the image data. 

[0003] 
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A cross-sectional structure of the above-mentioned X-ray 
detector 4 is shown in Fig. 4. The X-rays which have penetrated a 
protection film 41 via the object 3 is converted into light in a 
scintillator 42. The converted light beam enters a semiconductor 
detector 44 via a protection film 43. The internal structure of the 
semiconductor detector 44 is shown in Fig. 5. The light entered 
via the protection film 43 is subjected to photoelectric conversion 
by a photodiode 45 and accumulated in a condenser 46. The 
accumulated electric charge is read out at a predetermined timing 
via a TFT transistor 47, which is controlled by a shift register 48. 
The readout image data is displayed on the monitor 5 and converted 
into digital data by the A/D converter 6. Note that the actual 
photodiode 45 is structured two-dimensionally though the 
photodiode 45 is simply drawn to be structured one-dimensionally 
for the simplicity of an explanation, 

[0004] 

Conventionally, an X-ray detector having the structure 
combining this type of a scintillator and a semiconductor detector 
(photoelectric conversion film) has been mainly manufactured in 
the following two methods and structures in a one-dimensional or 
two-dimensional radiation image sensor. The first one has a 
structure in which powder phosphors are applied to semiconductor 
detector. These powder phosphors are applied to the 
semiconductor detector by a sedimentation method, a 
centrifugation method or the like. The second X-ray detector has a 
structure in which a scintillator is formed by Csl deposition crystal 
and the Csl deposition crystal is combined with a photoelectric 
conversion film. However, the Csl deposition crystal does not 
normally generate a sufficient amount of light emission unless the 
crystal is formed by a baking process at 300°C or higher. Hence, 
when an a-Si • H is used as the photoelectric conversion film, it is 
preferable that Csl be deposited and baked on the a-Si ' H film 
directly or through a protection film. However, if the detector is 
manufactured with such a process and a structure, the a-Si ^ H film 
is deteriorated due to the hear in the baking process for the Csl 
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crystal. Therefore, conventionally, the Csl crystal has been 
deposited on a fiber plate and baked separately from the a-Si : H 
film. After the baking, the fiber plate and the a-Si • H 
photoelectric conversion film are coupled and thus a radiation 
image sensor is formed. 
[0005] 

[Problems to be Solved by the Invention] 

However, in the above-mentioned conventional radiation 
detector having the structure in which powder phosphors are 
applied to a semiconductor detector, good X-ray detection property 
achieving both X-ray sensitivity and resolution has not been 
realized because of the light emission property of the powder 
phosphors. On the contrary, in the above-mentioned conventional 
radiation detector using the Csl deposition crystal, due to the 
property of the Csl deposition crystal. X-ray detection property 
excellent in light emission sensitivity and resolution is realized. 
However, because the detector is structured using a fiber plate, the 
detector has the following problems. Since light generated by the 
scintillator enters the photoelectric conversion film via the fiber 
plate, part of the light is reflected/absorbed by the fiber plate. 
Therefore, the amount of scintillation light finally entered the 
photoelectric conversion film is lowered, thus deteriorating 
detection sensitivity of the radiation detector. Moreover, since it 
is difficult to form a fiber plate having large dimensions, it is 
difficult to increase the size of the radiation, thus making it 
impossible to take an image of a large object. Furthermore, there 
is another problem that manufacturing costs become high since a 
fiber plate is used to configure the detector. 

[0006] 

[Means for Solving the Problem] 

The present invention has been made to solve such problems 
and is a radiation detection element structured by including a 
scintillator layer, which generates light upon reception of radiation, 
and a photoelectric conversion layer, which generates a 
photocarrier upon reception of the light, in which the scintillator 
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layer and the photoelectric conversion layer are joined directly or 
via a protection film. Moreover, the scintillator layer is composed 
of Csl. 

[0007] 

Moreover, a method of manufacturing the radiation detection 
element includes the steps of: forming a photoelectric conversion 
layer which generates a photocarrier upon reception of light; 
forming a scintillator layer, which generates light upon reception of 
radiation, on the photoelectric conversion layer directly or via a 
protection film; forming an infrared absorption film, which has 
heat resistance capable of enduring activation temperature of the 
scintillator layer and transmits radiation, on the scintillator layer 
directly or via a light reflecting film; and activating the scintillator 
layer by applying light including infrared rays to the infrared 
absorption film while cooling down the photoelectric conversion 
layer. 

[0008] 
[Operation] 

Since the scintillator layer is activated while the 
photoelectric layer is cooled down, the scintillator layer composed 
of Csl and the like is formed on the photoelectric conversion layer 
directly or via the protection film. 

[0009] 

[Embodiments of the invention] 

Figs. 1 (a) to (d) show a first embodiment, in which a 
radiation detection element of the present invention is applied to 
an X-ray detector. This X-ray detector is used for an X-ray 
imaging device shown in Fig. 3. Hereinafter, a method of 
manufacturing the X-ray detector according to the first 
embodiment is described. 

[0010] 

In the photoelectric conversion layer 21, photodiodes 
composed of a-SH : H are formed in an array and a photoelectric 
conversion circuit the same as the one shown in Fig. 5 is 
constituted. On the photoelectric conversion layer 21, first, a 
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protection film 22 composed of polyimide with a thickness of 2 jim is 
formed. Second, on the protection film 22, a scintillator layer 23 
composed of Csl deposition crystal is formed with a thickness of 500 
p.m. Third, carbon powder is applied on the scintillator layer 23 to 
have a thickness of 6 pm to form an infrared absorption layer 24 
(refer to Fig. 1 (a)). The infrared absorption layer 24 has 
characteristics of transmitting radiation and heat resistance 
capable of enduring activation temperature of the scintillator layer 
23 to be described later. 
[0011] 

Fourth, the photoelectric conversion layer 21 is mounted 
directly on a pipe 25 made of a material having fine heat 
conductivity. Fifth, a refrigerant having a temperature of -40°C is 
poured into the pipe 25 to cool down the photoelectric conversion 
layer 21 on the lower side. Then, while the cooling down is 
performed, light including infrared light is applied to the infrared 
absorption layer 24 from an infrared lamp 26. The applied light is 
efficiently absorbed by the infrared absorption layer 24, thus 
heating the infrared absorption layer 24. The temperature rise in 
the infrared absorption layer 24 is conveyed to the scintillator 23, 
and the scintillator 23 is efficiently heated at 300 or higher and 
activated (refer to Fig. 1 (b)). 

[0012] 

Subsequently, the infrared absorption layer 24 is removed 
and a protection film 27 composed of polyimide is formed on the 
exposed scintillator layer 23. Then, a light reflecting film 28 made 
of an Al sheet with a thickness of 0.1 mm covers the protection film 
27, thereby completing an X-ray detector is made (refer to Fig. 1 (c)). 
The light reflecting film 28 prevents light generated in the 
scintillator layer 23 from leaking to the upper layers as well as 
prevents generation of stray light. 

[0013] 

Note that, in the above-mentioned embodiment, the infrared 
absorption layer 24 is removed after the activation process for the 
scintillator layer 23. However, the protection film 27 and the light 
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reflecting film 28 may be formed on the infrared absorption layer 
24, instead of removing the infrared absorption layer 24 (refer to 
Fig. 1 (d)). Nevertheless, with such a structure, feedback light of 
the scintillation light is absorbed by the infrared absorption layer 
24, thereby preventing the light reflecting film 28 from performing 
the above-mentioned function. Therefore, it is preferable that the 
infrared absorption layer 24 be removed. 
[0014] 

According to this first embodiment, since the scintillator 
layer 23 is activated while the photoelectric conversion layer 21 is 
cooled down, the photoelectric conversion layer 21 is not affected by 
the heat generated by irradiation of infrared rays. Thus, the 
characteristics of the photoelectric conversion layer 21 are not 
deteriorated and the scintillator layer 23 composed of Csl is formed 
on the photoelectric conversion layer 21. Therefore, the X-ray 
detector is structured without causing various problems of a 
conventional X-ray detector structured by use of a fiber plate. 
That is, the detection sensitivity of the X-ray detector is improved 
without reducing the amount of scintillation light entering the 
photoelectric conversion layer 21. In addition, since there is no 
dimensional limitation on the formation of the fiber plate, it is 
possible to increase the size of a radiation image sensor easily. 
Moreover, since the fiber plate is not used, manufacturing costs are 
lowered. Furthermore, since the scintillator 23 is made of Csl 
deposition crystal, the detector has superior X-ray sensitivity and 
resolution to those of a radiation detector using powder phosphors. 

[0015] 

The actually obtained X-ray sensitivity (70 kVp, W target 
evaluation) of the X-ray detector according to the first embodiment 
was five times higher than that of the detector before heating the 
scintillator layer 23. Moreover, lowered quantum efficiency in a 
photodiode array composed of a-Si ' H in the photoelectric 
conversion layer 21 was not actually observed. 

[0016] 

Next, an X-ray detector according to a second embodiment of 
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the present invention will be described. A method of 
manufacturing this X-ray detector is shown in Fig. 2 and 
manufactured as follows. 
[0017] 

In a photoelectric conversion layer 31, similar to the first 
embodiment described above, an array of photodiodes composed of 
a-Si • H is structured. On this photoelectric conversion layer 31, a 
protection filra 32 composed of polyimide and having a thickness of 
2 Jim is formed and further, on this protection film 32, a scintillator 
layer 33 composed of Csl deposition crystal is formed to have a 
thickness of 400 pm. Then, on the scintillator layer 33, a light 
reflecting film 34 composed of an Al deposition film is formed to 
have a thickness of 0.4 pm. Similar to the first embodiment, the 
light reflecting film 34 prevents light generated in the scintillator 
layer 33 from leaking to the upper layers as well as prevents 
generation of stray light. Subsequently, on the light reflecting 
film 34, carbon is deposited by sputtering to have a thickness of 4 
pm, thus forming an infrared absorption layer 35 (refer to Fig. 2 
(a)). This infrared absorption film 35 has characteristics of 
transmitting radiation and heat resistance capable of enduring 
activation temperature of the scintillator layer 33 to be described 
later. 

[0018] 

Next, similar to the above-mentioned first embodiment, the 
photoelectric conversion layer 31 is mounted on a pipe 25 directly. 
A refrigerant having a temperature of "40''C is poured into the pipe 

25 to cool down the photoelectric conversion layer 31. Then, while 
the cooling down is performed, infrared light from an infrared lamp 

26 is applied to the infrared absorption layer 35. By the applied 
light, the infrared absorption layer 35 is heated and the 
temperature rise thereof is conveyed to the scintillator layer 33 
through the light reflecting film 34. Thus, the scintillator layer 33 
is efficiently heated at 300 ""C or higher and activated (refer to Fig. 
2 (b)). 

[0019] 
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Subsequently, the infrared absorption layer 35 is removed 
and a protection film 36 composed of polyimide is formed on the 
exposed light reflecting layer 34 to complete an X-ray detector 
(refer to Fig. 2 (c)). 

[0020] 

Note that, in the above-mentioned embodiment, the infrared 
absorption layer 35 is removed after the activation process for the 
scintillator layer 33. However, the protection film 36 may be 
formed on the infrared absorption layer 35, instead of removing the 
infrared absorption layer 35 (refer to Fig. 2 (d)). In this 
embodiment, the infrared absorption layer 35 is formed on the 
upper part of the light reflecting film 34. Thus, the scintillation 
light will not be absorbed by the infrared absorption layer 35 even 
if the infrared absorption layer 35 is left, instead of being removed. 
Therefore, a function of the light reflecting film 34 is sufficiently 
achieved. 

[0021] 

According to the second embodiment, the scintillator layer 
33 is also activated while the photoelectric conversion layer 31 is 
cooled down. Thus, the scintillator layer 33 composed of Csl is 
formed on the photoelectric conversion layer 31 without 
deteriorating the characteristics of the photoelectric conversion 
layer 31. Therefore, in this embodiment, various problems of a 
conventional X-ray detector are also solved, making it possible to 
utilize fine characteristics of Csl deposition crystal on an a-Si : H 
photodiode array, which can have large dimensions, without 
lowering the quantum efficiency of the a-Si : H photodiode. 

[0022] 

In the present embodiment, the actually obtained X-ray 
sensitivity of the X-ray detector was five times higher than that of 
the detector before heating the scintillator layer 33. Moreover, 
lowered quantum efficiency in the array of the photodiodes 
composed of a-Si ' H in the photoelectric conversion layer 31 was 
not actually observed. 

[0023] 
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Note that, in each of the embodiments above, a description 
has been given of the case where a protection film is formed on a 
photoelectric conversion layer and a scintillator layer is formed on 
the protection film. However, the scintillator layer may be formed 
directly on the photoelectric conversion layer and a similar effect to 
that of the above embodiments can be obtained. 

[0024] 

[Effect of the Invention] 

As described above, according to the present invention, since 
the scintillator layer is activated while the photoelectric conversion 
layer is cooled down, the scintillator layer composed of Csl and the 
like is formed on the photoelectric conversion layer directly or via 
the protection film. 

[0025] 

Therefore, various problems of the conventional radiation 
detector using a fiber plate or powder phosphors are solved and a 
radiation detector, which is excellent in both X-ray sensitivity and 
resolution and can have large dimensions, can be manufactured at 
lower costs. 

[Brief Description of the Drawings] 

[Figure l] 

Cross-sectional views of a manufacturing process of a 
radiation detector according to a first embodiment of the present 
invention. 

[Figure 2] 

Cross-sectional views of a manufacturing process of a 
radiation detector according to a second embodiment of the present 
invention. 

[Figure 3] 

A block diagram schematically showing the configuration of 
a general X-ray imaging device. 
[Figure 4] 

A cross-sectional view showing the structure of a 
conventional X-ray detector. 
[Figure 5] 
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A circuit diagram showing the simplified structure of a 
general photoelectric conversion circuit formed in a photoelectric 
conversion layer of the X-ray detector. 

[Description of Reference Numerals] 

21, 31^ photoelectric conversion layer 

22, 27, 32, 36: protection film 

23, 33: scintillator layer 

24, 35: infrared absorption layer 
25: pipe 

26' infrared lamp 

28, 34: light reflecting film 
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Fig. 3 

i: DRIVE CONTROL SECTION 

2: X-RAY SOURCE 

4: X-RAY DETECTOR 

5: MONITOR 

6: A/D CONVERTER 

7: IMAGE RECORDER 

8: DISPLAY 

9: CENTRAL CONTROL UNIT 
10: IMAGE SAVING UNIT 

Fig. 5 

48: SHIFT REGISTER 
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FIG.3 
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